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The utility of wild-type outer membrane vesicle (wtOMV) 
vaccines against serogroup B (MenB) meningococcal disease 
has been explored since the 1970s. Public health interventions 
in Cuba, Norway and New Zealand have demonstrated that 
these protein-based vaccines can prevent MenB disease. 
Data from large clinical studies and retrospective statistical 
analyses in New Zealand give effectiveness estimates of at 
least 70%. A consistent pattern of moderately reactogenic and 
safe vaccines has been seen with the use of approximately 60 
million doses of three different wtOMV vaccine formulations. 
The key limitation of conventional wtOMV vaccines is their lack 
of broad protective activity against the large diversity of MenB 
strains circulating globally. The public health intervention 
in New Zealand (between 2004-2008) when MeNZB was 
used to control a clonal MenB epidemic, provided a number 
of new insights regarding international and public-private 
collaboration, vaccine safety surveillance, vaccine effectiveness 
estimates and communication to the public. The experience 
with wtOMV vaccines also provide important information for 
the next generation of MenB vaccines designed to give more 
comprehensive protection against multiple strains. 



Introduction 

Meningococcal septicemia and meningitis were feared even 
before the discovery of the meningococcus in the early nineteenth 
century. 1 " 5 Meningococcal infection is associated with rapid onset 
of severe disease, often following initial mild symptoms and can 
result in fatality or permanent disability. Hence there is a high 
level of anxiety concerning the possibility for epidemic disease 
caused by virulent clones or sporadic disease, which can occur 
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suddenly in otherwise healthy individuals. 6 " 10 Before the antibi- 
otic era, the mortality rate was 70-90%, 4 but over the past 50 y, 
despite the introduction of modern antibiotics, the overall case- 
fatality rate has remained between 5 and 15%; with permanent 
disabilities affecting approximately 10-20% of survivors. 11 ' 12 
Case-fatality rates are somewhat higher in patients with septi- 
caemia, in epidemic situations and in adolescents and elderly age 
groups. 13,14 While infants and children under five years of age 
are most commonly affected by invasive meningococcal disease, 
a second peak is observed among adolescents, especially during 
epidemics. 8,15 Traditionally, the Sub-Saharan "meningitis belt" in 
Africa has been the most significant global site for meningococcal 
disease, in seasonal outbreaks caused by serogroup A. 

Since the late twentieth century, routine vaccination against 
meningococcal disease has become increasingly widespread due 
to continuing advances in technology and increased awareness of 
the disease. The principle of using the capsular polysaccharide 
as a vaccine antigen was discovered and developed by Emil C. 
Gotschlich, Irvin Goldschneider and their colleagues at Walter 
Reed Army Institute of Research, USA, in the late 1960s. 16,17 
Their efforts resulted in good vaccines against serogroup A and 
C disease. Later serogroup Y and W vaccines were developed 
using the same strategy, and a quadrivalent ACYW polysaccha- 
ride vaccine was licensed in 1981. 18,19 During the 21" century, 
safe and effective conjugate vaccines against serogroups A, C, Y 
and W were introduced to protect all age groups 20 " 24 and a low- 
cost conjugate vaccine against serogroup A disease was especially 
developed for use in Africa. 25,26 Hence, control of meningococ- 
cal serogroup B (MenB) is now the remaining challenge for the 
overall control of meningococcal disease worldwide. 27 The MenB 
capsular polysaccharide has been determined unsuitable (by most 
research groups) for vaccine development due to low immunoge- 
nicity and the potential risk of autoimmunity. 28 " 31 Thus, several 
wild-type outer membrane vesicle (wtOMV) vaccines have been 
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Figure 1. Meningococcal disease prevention; from identification to vaccination, a brief schematic presentation of the history (adopted from a slide 
originally prepared by Julio Vazquez (presented at IPNC 2012, Wurzburg, Germany). References to the various events can be found in "Introduction" 
and "A Brief Historic Journey". 



used to control clonal MenB outbreaks. We review information 
about these wtOMV vaccines that were developed to control 
clonal outbreaks in Cuba, Norway and New Zealand. In addi- 
tion we evaluate how these vaccines have been considered for use 
in other situations and try to provide some helpful background 
for the evaluation and implementation of the new "universal" 
MenB vaccines in development. 

A Brief Historic Journey 

A graphical representation of the historical evolution for main 
events in the area of meningococcal disease and prevention can 
be seen in Figure 1. Although they predate the development of 
meningococcal conjugate vaccines by some years, the "tailor- 
made" wtOMV vaccines against particular outbreak strains 
remain the only vaccines that have shown efficacy and effec- 
tiveness against MenB disease. 30 " 32 It is important to recognize 
that these wtOMV vaccines were designed to target specific epi- 
demic strains and hence not expected to be suitable for general 
use in most epidemiologic situations 32 " 34 where endemic disease is 
caused by multiple different circulating strains. Development of 
the OMV-concept was pioneered during the 1970s by Wendell 
D. Zollinger of Walter Reed Army Institute of Research, USA, 
Torstein B. Helting of Behringwerke, Germany and Carl E. 
Frasch of the US Food and Drug Administration, USA and their 
respective coworkers. 33,35 " 41 The research activity in these and 
subsequently other laboratories led to the development of two 
vaccine formulations for clinical protection trials in Cuba and 
Norway; -Dr. Frasch advised on both efforts. 33 



The initial wtOMV vaccine in general use 
VA-MENGOCOC-BC®, was developed at the Finlay Institute 
in Cuba to address an ongoing MenB epidemic and used in a 
16-mo clinical study in 10-14 y olds between 1987 and 1989. 42 
The second wtOMV formulation was MenBvac® (Fig. 2), 
developed at the Norwegian Institute of Public Health (NIPH) 
to address another ongoing epidemic and used in a 29-mo effi- 
cacy trial among 13-16 y olds starting in 1988 and ending in 
1991. While efficacy estimates of roughly 83% and 57% were 
found for the Cuban and Norwegian trials, respectively, 32,42,43 
the two trials were not of entirely similar design and the lon- 
ger observation period for the Norwegian trial affected the 
efficacy outcome. Clinical data over the initial 10-mo observa- 
tion period in the Norwegian trial showed 87% efficacy. 32,33 ' 44 
These findings and a separate immunogenicity trial in Norway 
confirmed that a booster dose about one year after the primary 
two-dose immunization schedule resulted in better persistence 
of protective antibodies, thus potentially providing greater 
effectiveness. 32,33,44 " 46 

Two immunogenicity and reactogenicity trials 47,48 sponsored 
by the Ministry of Health in Iceland, the US Centers for Disease 
Control and Prevention (CDC), World Health Organization 
(WHO) and the Pan-American Health Organization (PAHO) 
directly compared the Cuban and Norwegian wtOMV MenB 
vaccines. In the two studies performed (one in Reykjavik, Iceland 
and the other in Santiago, Chile), both vaccines induced good 
functional immune responses as measured in a serum bacteri- 
cidal activity test, using human complement (hSBA) against the 
homologous MenB strains (in this case only the strains used to 
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make the vaccines), but not against heterologous MenB strains 
(i.e., carrying a different PorA sero-subtype) as the Chilean 
P1.3 epidemic strain. Therefore, the monitoring committee and 
PAHO judged that neither wtOMV vaccine would impact the 
ongoing MenB clonal epidemic among infants in Chile. Immune 
responses to wtOMV vaccines especially in infants are largely 
directed towards the PorA protein; only about 10% of infants 
mounted a protective antibody response against the Chilean 
epidemic strain following vaccination with either the Cuban or 
Norwegian wtOMV vaccine. 48 In contrast, approximately half 
of adult vaccinees had a protective antibody response against the 
Chilean epidemic strain after either of the two wtOM V vaccines, 
indicating a less restricted immune response in primed indi- 
viduals of this age group. 48 Reassuringly, both wtOMV vaccines 
demonstrated good functional immunity; approximately 98%, 
against their respective vaccine production strain in infants and 
older age groups, which suggested that a protein based, "tailor- 
made" vaccine for a defined clonal outbreak was likely to be 
successful in both adults and children. 33 ' 48 ' 4 ' Another important 
lesson from these pioneering clinical trials was that a primary 
immunization with two doses of a wtOMV vaccine was insuf- 
ficient to maintain long-term protection against MenB disease, 
especially in infants. 32,33,44 

Clonal MenB Epidemic in New Zealand 

In 1991, a substantial clonal MenB outbreak began in New 
Zealand. This outbreak was found to be caused by a strain with 
a PorA (P1.4) protein that was heterologous to that in the Cuban 
and Norwegian wtOMV vaccines. The magnitude and ongo- 
ing nature of this outbreak made it necessary to develop a new 
wtOMV vaccine. 50 ' 53 The MeNZB® vaccine (Table 1), which 
was based on a typical isolate, strain NZ 98/254, from the clonal 
outbreak, 54 " 58 was used between 2004 and 2008 to limit the 
MenB epidemic. 

In the present review we summarize lessons learned during the 
development and use of wtOMV vaccines. We have placed a par- 
ticular emphasis on the history of MeNZB, including the public 
health intervention to fight the devastating MenB epidemic that 
occurred in New Zealand from the early 1990s to mid-2000s 
(Fig. 3). Our choice is based on the fact that this is one of the 
most recent events where a wtOMV vaccine has been used with 
success to control an outbreak of MenB disease and that the New 
Zealand undertaking contains a number of important lessons in 
addition to the vaccine development per se. 

Partnerships to Develop MeNZB 

During the 1990s, scientists and health authorities in New 
Zealand needed research and commercial partners to develop a 
vaccine for a very small market in global terms. Developing and 
delivering the vaccine required building partnerships and orga- 
nizing extensive national and international collaborations, with 
all groups supporting the goal of ending the epidemic. The key 
organizations involved were the New Zealand Ministry of Health, 
the University of Auckland, the Institute of Environmental 
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Figure 2. Main Protein Composition* of wtOMVs from MenBvac and 
MeNZB, visualized after SDS-PAGE. *The location in the gel of well- 
known and characterized components is indicated by their respective 
acronyms to the right in Figure. Omp85=outer membrane protein 
85; FetA=ferric enterobactin transporter (protein) A (formerly FrpB); 
PorA=porin protein A (formerly Class 1); PorB3=porin protein B3 (for- 
merly Class 3); FbpA=ferric binding protein A; RmpM=reduction modifi- 
able protein M (formerly Class 4); OpcA=outer membrane adhesin 
(formerly Class 5C); NspA=Neisserial surface protein A. 



Science and Research (ESR), Chiron (now Novartis Vaccines 
and Diagnostics), NIPH and WHO. Partnerships were built on 
contacts established in the early years of New Zealand's search 
for a vaccine and relied heavily on the goodwill of people from 
around the world. 5 ' 

From 1998 onwards, the WHO was a key player providing a 
framework for progress and brought together international advi- 
sors who mentored and guided New Zealand scientists, clinicians 
and government officials through the process of vaccine devel- 
opment and approval. The WHO was also able to engage the 
interest of pharmaceutical companies following earlier assistance 
by scientific institutes in Norway, the Netherlands and Cuba. 5 ' 
The WHO helped the New Zealand government select Chiron, 
based in Siena, Italy to manufacture MeNZB. The New Zealand 
Ministry of Health had the central contractual relationship with 
the University of Auckland who ran the clinical trials overseen by 
Chiron; ESR who performed the hSBA test to measure the vac- 
cine response and partnered with international laboratories for 
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Table 1. Composition of MeNZB from strain NZ 98/254* 



Component 


Function 


Quantity per mL 


Quantity per dose 


Reference/standard 


OMV drug substance** 


Active ingredient 


50 |xg*** 


25 u.g*** 


Internal 


Aluminum kiril rrtv i rl a 

mi u in i it u in nyuruxiuc 


A H i i i \ / n t 
rtUJ U Vd 1 1 L 






Licensed as a part of a solvent in UK 
(Chiron SpA, PL 13767/0014) 


NaCI 


Tonicity modify- 
ing agent 


9 mg 


4.5 mg 


Ph. Eur. 


Histidine 


pH buffering 
agent 


5 mM 


5 mM 


Ph. Eur. 


WFI 


Diluent 


to 1 mL 


to 0.5 mL 


Ph. Eur. 



*B:4:P1 .7-2,4 (B:4:P1 .7h,4 according to previous classification); **The OMV antigen drug substance contains wtOMV protein, lipopolysaccharide 
(0.05-0.15 (j,g/|xg protein) deoxycholate (0.1-0.4 (J-g/fig protein) in 3% sucrose solution. The final sucrose concentration in the formulated drug product 
is approximately 0.1-0.3%. ***Quantity expressed as total protein amount; PorA content approximately between 13-25% of total protein (see Fig. 2). 
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Figure 3. Schematic presentation of vaccine development and immunization program for the public health intervention in New Zealand. The immuni- 
zation program began in July 2004 and ended in June, 2008. The infant were given the vaccines at 6 weeks and at 3, 5, and 10 mo. In January 2006, the 
4th infant dose was initiated. 



assay validation; and finally Chiron, which worked in close part- 
nership with NIPH, where the initial vaccine development took 
place. Key to the program's success was the autonomy in decision 
making granted to the government and vaccine company staff 
members charged with leadership of the project, thereby enabling 
vaccine development to progress with all due urgency. 

Vaccine Development of MeNZB 

Initial plans for a vaccine to address the New Zealand MenB 
epidemic focused on novel gene technology developed by Jan T. 
Poolman and colleagues at the Netherlands National Institute 
for Public Health and the Environment (RIVM), later the 
Netherlands Vaccine Institute (NVI), which allowed the design 
of custom recombinant OMVs enriched with selected PorA 



variants. 5 '" 61 However, initial clinical data in UK infants who 
received a recombinant OMV vaccine against multiple PorAsero- 
subtypes were discouraging because four doses were required to 
induce substantial functional immune responses; particularly 
against strains harboring PorA PI. 4, the sero-subtype predomi- 
nating in the New Zealand epidemic. 61 Following a recommen- 
dation by the Expert Committee of the WHO, the New Zealand 
authorities decided that they would be best served by a tailor- 
made MenB vaccine, which was later named MeNZB 8 . 32 ' 33 ' 54,62 
Initial development took place at NIPH, based on previous 
experience developing MenBvac®, the Norwegian wtOMV vac- 
cine. 32 ' 38 ' 54,63 ' 64 MeNZB was prepared from a representative epi- 
demic case isolate, strain NZ 98/254 (cc4l/44;B:4:P1.7-2,4). 
Fermenter growth and detergent extraction with the detergent 
sodium-deoxycholate was used to yield OMVs, which were then 
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Table 2. Primary immunogenicity assessments in clinical studies using the serum bactericidal activity test with human complement (hSBA) of MeNZB 



Age group 


Enrollment N 


Percent of vaccinees with hSBA titers > 4 (95% CI) 


Reference 




Infants 6-10 weeks 


250 


76 (70, 81) 
74(61,84) 


Wong etal.,P/O/2009 87 






239 


76 (70, 81) 


Oster et al.. Vaccine 20 07 78 




Booster dose 


51 


82 (68, 91) 


Wong etal.,P/D_/2009 87 




Infants 6-8 mo 


201 


74 (67, 80) 


Oster et al., Vaccine 20 05 77 






211 


92 (87, 95) 


Oster et al., Vaccine 20 07 78 






312 


74 (68, 80) 


Jackson et al., Arch Dis Child 20 09 58 




Toddlers 16-24 mo 


231 


75 (69, 80) 


Oster et al., Vaccine 20 05 77 






248 


92 (87, 95) 


Oster er al, Vaccine 20 07 78 






332 


62 (56, 67) 
75 (69, 80) 


Wong etal., P/DJ 20 07 79 




Children 8-12 y 


485 


76 (72, 80) 


Oster et al., Vaccine 20 05 77 




Adults 18-50 y 


24 


96 (79, 100) 


Oster et al., Vaccine 20 05 77 




Adults; MeNZB com- 
pared with MenBvac 


75 


100 (25|xg dose) 
87 (SOfjug dose) 


Thornton et al., Vaccine 2006 56 





adsorbed to aluminum hydroxide. Manufacture and pre-clinical 
testing of MeNZB started at NIPH 33 and yielded data that ini- 
tially was presented at the International Pathogenic Neisseria 
Conference (IPNC) in Nice in 1998 and two years later at the 
IPNC in Oslo. 64 ' 65 The first three batches of MeNZB used in 
safety and immunogenicity studies were manufactured by NIPH 
(Fig. 3). 33 

As indicated above, previous experience with the Cuban and 
Norwegian wtOMV vaccines 32 ' 33,44,48 indicated that a three-dose 
primary series would most likely be necessary to increase the per- 
sistence of immune responses and to optimize the number of per- 
sons mounting a protective immune response. To make MeNZB 
available more quickly, an intensified clinical research program, 
including 17 clinical trials, was undertaken between May 2002 
and November 2004. These clinical studies evaluated immu- 
nogenicity and safety outcomes in various age groups and the 
consistency of vaccines manufactured at different sites. 66 Initial 
clinical trials of MeNZB in New Zealand strengthened the case 
for a three-dose (25 u,g) primary immunization at 6-week inter- 
vals, starting at six weeks of age. 67 " 69 

The design of the clinical studies that supported licensure of 
MeNZB relied on knowledge gained through the development 
of the two other extensively tested wtOMV vaccines from Cuba 
and Norway. A placebo-controlled efficacy trial was deemed 
unethical during the ongoing epidemic, especially given evidence 
that the vaccine induced protective immune responses and the 
already known acceptable safety profile of similar vaccines. 32,62 
The MeNZB program used the standard serologic correlate of 
protection for meningococcal vaccines (a titer > 4), measured in 
a serum bactericidal assay using human complement (hSBA). 70 " 72 
The bactericidal test with rabbit complement (rSBA), sometimes 
used to evaluate polysaccharide-based vaccines, is less suitable for 
evaluating responses to wtOMV and other MenB vaccines. 71 " 74 
As the evaluation of functional immune response and vaccine 
effectiveness was of great importance 57,67,69 ' 75,76 an international 



collaboration was established for validation and independent con- 
trol of the hSBA testing in these studies. 73,74 

In the initial clinical program, which included 1068 children 
and adults, MeNZB induced protective levels of serum anti- 
bodies and had an acceptable tolerability profile, similar to that 
observed with the Norwegian and Cuban wtOMV vaccines. 66,67 
In adults, 87% of those receiving two 25 (JLg doses of the vaccine 
exhibited a 4-fold rise in serum bactericidal antibodies against the 
outbreak strain (NZ 98/254). 77 Following a three-dose regimen 
of MeNZB, 74% of 6-8 mo olds and 75% of 16-24 mo olds 
showed a 4-fold rise in bactericidal antibody titers against the 
outbreak strain. 67 As expected, serum antibody titers waned after 
the primary series, especially in young infants, and responses to 
a booster dose in the second year of life were pronounced. 77 See 
Table 2 for a complete listing of clinical trial publications. 

Licensure of MeNZB 

The introduction of a new mass immunization campaign 
requires extensive logistical and regulatory planning. MeNZB 
was the first vaccine or medicinal product to be designed specifi- 
cally for use in the New Zealand population. Thus, the evalu- 
ation of MeNZB was the first time national regulators in New 
Zealand were called upon to evaluate a totally new agent without 
the benefit of prior review by outside regulatory agencies. 51,59,66,78 
Pre-clinical documentation provided by the manufacturing team 
was independently reviewed by the UK's National Institute for 
Biological Standards and Control (NIBSC), and clinical data 
were reviewed by the New Zealand Ministry of Health regula- 
tory group, MedSafe. Regulatory reviews and clinical experience 
with MenBvac, the "parent" vaccine, were also considered. 59 

As the MenB epidemic had been ongoing for many years, 
MedSafe considered it particularly important to undertake cer- 
tain adaptations for the clinical development program to sup- 
port a more rapid introduction of MeNZB, including "licensure 
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Table 3. Publications describing effectiveness and safety outcomes of the MeNZB vaccine 



Citation* 
(author/year) 


Design and aims 


Outcomes 




Effectiveness estimates of MeNZB in vacinees up to 19 




Arnold et al., Vaccine 2011 [86] 


y of age using GEE** model and NIR*** data through 


Effectiveness of 77-79% for ages 6 mo-19 y during 


2008. Examined waning of the immune response after 
12 mo and cross-protection against other meningococci. 


2002-2008. 


Galloway et al., Int J Epidemiol 


Cohort analysis from NIR data for children aged 6 mo to 


Effectiveness was 80-85% compared with unvaccinated 


2009 [57] 


< 5 y followed for 24 mo after vaccination with MeNZB. 


children in the 24 mo after eligibility for vaccination. 


Kelly et al., Amer J Epidemiol 
2007 [85] 


Post licensure effectiveness of MeNZB was estimated 
using a GEE model and data from the NIR for children 
aged 6 weeks to 19 y. 


Disease rates were 3.7 times higher in the unvaccinated 
group yielding a vaccine effectiveness of 73%. 


\J 1 1 01 1 la I la I 1 cl dl.j / \Z-IYtJ Z.\J\jy / 

122:48-59 [92] 


Outcomes of the MeNZB vaccination program in New 
Zealand: vaccine uptake, effectiveness, safety risk man- 
agement. 


MenB disease decreased after MeNZB introduction. 

Safety outcomes were generally positive, and the vac- 
cine exhibited a well-defined reactogenicity profile in 
various age groups. 


McNicolas et al.. Hum Vaccin 
2007;3:196-204 [90] 




Vaccine was associated with fever outcomes in infants 


Describes intensive safety monitoring activities. 


and injection-site pain in adolescents. These events were 
generally transient and self-limiting. 



*For a more complete list of publications; see the chapters "Safety Monitoring in New Zealand" and "MeNZB Program Effectiveness" in the text. **GEE, 
generalized estimating equation; ***NIR, National Immunisation Register. 



with provisional consent" i.e., use of the vaccine during the 
actual epidemic so long as additional requirements were met. 
Further, because earlier OMV vaccines were understood to 
be moderately reactogenic, specific measures were required to 
monitor adverse events following immunization (AEFIs) in the 
absence of Phase III clinical trials for MeNZB. 79 " 81 The initial 
licensure was for individuals over 6 mo of age, with the vac- 
cination program commencing in July 2004. The program was 
expanded to infants > 6 weeks of age in February 2005, once 
adequate safety data were documented. By June 2006, more 
than 3 million doses had been administered to individuals less 
than 20 y of age. In January 2006, findings of waning immunity 
in infants led to the addition of a fourth dose at 10 mo of age 
for infants who had begun the primary vaccination series before 
the age of 6 mo. 82 The MeNZB vaccine continued to be offered 
to infants as part of the routine vaccination schedule until June 
1, 2008. 53,66 

The MeNZB Vaccination Program 

To supply adequate vaccine for the intended cohort of approximately 
1.2 million individuals below 20 y of age, scale-up and industrial 
manufacturing took place at Chiron in Siena, Italy. 53 ' 59 ' 66 - 76 - 82 

The vaccination campaign roll-out was staggered by geo- 
graphic region, determined primarily by disease burden, the 
requirements of the safety monitoring program and vaccine 
availability. The initial roll-out was in the highest risk areas, 
with Auckland and the northern areas being offered vaccine first. 
These regions were also the areas where the most intensive safety 
surveillance activities were undertaken. 82 



At the end of the mass campaign over 90% of those aged 
under 20 y in the highest risk area had received three doses of 
MeNZB, with the highest vaccine uptake achieved in Pacific 
children, the group which suffered disproportionately most 
from MenB disease. 82 Nationally, 81% of those aged under 20 
y received three doses of MeNZB. 76 The use of a comprehensive 
and transparent vaccine safety assessment program, with inde- 
pendent oversight helped overcome potential barriers to public 
acceptance. 52,59 ' 78,82 

Safety Monitoring in New Zealand 

Post-licensure efficacy and safety evaluations were pre-specified 
as part of the vaccination campaign. 58,59,80 For the first time in 
New Zealand, a nationwide immunization register was estab- 
lished and a comprehensive post-licensure vaccine safety program 
implemented. Since multiple surveillance activities increase the 
ability to detect adverse events, a multi-faceted safety surveillance 
system was established, with an emphasis on collecting and ana- 
lyzing data in as close to real time as possible. The safety surveil- 
lance program comprised the routine passive reporting system for 
health professionals already operating in New Zealand as well as 
three active systems established specifically for the MeNZB pro- 
gram: hospital-based surveillance, the intensive vaccine monitor- 
ing program (IVMP) and mortality surveillance. Importantly, an 
independent safety monitoring board (ISMB) comprising New 
Zealand and international members provided oversight of the 
safety monitoring program and reviewed all safety findings. 

The hospital-based surveillance operated in the four 
regions where the vaccine program first started and monitored 
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approximately 200000 MeNZB recipients for subsequent hos- 
pital emergency department consultations or admissions. In 
particular, this program searched for pre-selected conditions of 
interest; such as acute flaccid paralysis, encephalopathy and sei- 
zures (including febrile seizures). None of the surveillance events 
occurred at rates in excess of the background rates to be expected 
in the general population. 80,83 " 85 

The IVMP actively reviewed electronic records from 35 senti- 
nel medical centers located across New Zealand, and a cohort of 
approximately 10,000 children under five years of age were moni- 
tored in the six weeks following immunization. 79 ' 80 The IVMP's 
findings were consistent with those from the New Zealand-wide 
passive reporting system routinely used by health professionals, 
i.e., largely localized events, somatic immune responses and mild 
hypersensitivity events. 79,80 As observed in clinical trials with 
MeNZB (and other wtOMV vaccines), injection site reactions 
of short duration and short-term fevers were common, but did 
not cause serious concerns and generally did not require medi- 
cal intervention. 68,77,82,86 Of note, in spite of general fever being 
common following immunization, there was no evidence of an 
increase of febrile seizures. 84 Finally, an analysis of mortality data 
from across all of New Zealand did not identify concerns related 
to MeNZB vaccination. 80 

With more than three million doses of MeNZB administered 
to individuals less than 20 y of age, the safety-monitoring program 
did not reveal any novel or unexpected safety concerns, and pro- 
vided consistent evidence supporting the safety of the vaccine. The 
ISMB concluded that the combined results of the safety monitor- 
ing program provided confidence in the safety of MeNZB. 80 

Communications for the Vaccine Campaign 
in New Zealand 

One of the critical elements of the MeNZB campaign was a 
comprehensive communication strategy to address questions and 
concerns about the epidemic and the new vaccine in a proac- 
tive, responsible way that avoided sensationalism. 52,78 In 2004 
the Ministry of Health invited New Zealand infectious disease 
specialists, pediatricians, microbiologists, public health special- 
ists and representatives from its medicines regulatory authority, 
MedSafe, to a meeting where the first results of the clinical trials 
in toddlers were presented. 87 

Throughout the program's operation, vaccine experts also 
sought to engage the media and to avoid public anxiety as a result 
of unbalanced reporting of negative "newsworthy" incidents. 
District Health Boards interacted with various stakeholders and 
undertook local initiatives as needed. Importantly, front-line 
health care workers were identified to serve as key trusted com- 
municators with parents and vaccine recipients. Substantial infor- 
mation was provided to health professionals, including detailed 
information about the expected reactogenicity of MeNZB, and 
presentations were given at meetings throughout the country. 
These steps ensured that the health sector was well informed and 
able to confidently champion the vaccine program. Printed infor- 
mation describing the expected side-effects of pain, swelling or 
redness at the injection site and a slight fever or headache was 



also given to families through schools and health care providers. 
As school-aged children were vaccinated at school, resources were 
also specifically designed for teachers to use in the classroom. 
Additional communication measures for the public included a 
toll-free number for parents to access health care providers, a 
dedicated website and advertising campaigns. On-going com- 
munication efforts coordinated through the Ministry of Health, 
District Health Boards and the schools, ensured that the program 
was able to quickly manage a range of issues 52,78,82 such as anxiety- 
related episodes involving 50 students at one school, an influenza 
B epidemic coinciding with the school vaccination program, and 
a brief period of intense media and political scrutiny regarding 
the lack of Phase III trials for MeNZB. 82 

The introduction of MeNZB had a high level of public accep- 
tance and there was no widespread public concern regarding the 
safety of the vaccine. Key to this outcome was the establishment 
of the ISMB. Its role in monitoring adverse events was frequently 
explained to the public and the media, and the ISMB Chairperson 
was available to answer specific media queries regarding the vac- 
cine's safety profile and the expanded safety monitoring pro- 
gram. 82 This approach helped to ensure public confidence in the 
safety of MeNZB and facilitated the speedy resolution of any con- 
cerns that arose. 

MeNZB Program Effectiveness 

Since control of the epidemic was the primary objective of the 
MeNZB program, vaccine program effectiveness was assessed in 
a post introduction observational manner. Initial effectiveness, 
estimated using two different methodologies was 80% (95% CI-: 
52.5-91.6%) for children 6 mo to less than 5 y of age 57 and 73% 
(95% CI-: 52-85%) for all ages. 57,75,76,88 However, since this was a 
large-scale introduction rather than a clinical placebo-controlled 
trial, interpretation of effectiveness was complicated by secular 
disease trends. In an analysis of disease prior to the vaccine cam- 
paign in 2004 showed a steady decrease in incidence between 
2001 and 2004, which accelerated following implementation of 
the vaccination program, indicating a vaccine effect. 76 Arnold and 
colleagues estimated overall vaccine effectiveness using Poisson- 
regression models adjusted for year, age, season, region, ethnicity 
and socioeconomic status. 76 They also tested for a relationship 
between the number of doses and effectiveness, and for possible 
waning effectiveness one year after vaccination. Their approach 
allowed the vaccine program effect to be differentiated from a 
secular decrease in disease incidence. Arnold et al. estimated 
vaccine effectiveness of 77% (95% CI-: 62-85%) over an aver- 
age period of 3.2 y following the three-dose primary series, but 
only 68% when potential residual confounding was considered. 
In partially vaccinated individuals, effectiveness was estimated 
to be 47% (95% CI-: 16-67%) after two doses of MeNZB. No 
evidence of waning protection after one year with the full three- 
dose immunization series could be detected. 76 The adjustments 
for residual confounding resulted from a test for "protection" 
against pneumococcal disease by MeNZB. An observed dose- 
response relationship in the level of protection (which could not 
come from the vaccine itself) was interpreted as a combination 
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Figure 4. Rates by year of meningococcal B disease in New Zealand 
(ages 0-19). Diagram based on data given in Table 4. 



of program effects and some degree of residual confounding. 76 
The correlation of protection and the number of doses further 
supports the conclusion that the observed effectiveness is vaccine 
related. See Table 3 for publications describing effectiveness for 
MeNZB. 

Figure 4 illustrates the decline of the MenB disease among 
the vaccinated and unvaccinated parts of the population below 
20 y of age in New Zealand. As can be seen from the graph in 
Figure 4 and the data in Table 4, the epidemic was declining 
before the vaccine campaign started. However, a significantly 
more rapid decline was demonstrated among the vaccinated 
individuals. The effect of introducing the vaccine appeared even 
more dramatic analyzing the cumulative cases of meningococcal 
disease over the years from 2002 to 2010 in the northern region 
which had the highest incidence. As described above it was also 
here where the vaccination started, and within a year the drop in 
meningococcal cases was significant and by 2007 it was nearly 
down to pre-epidemic rates in that region (see Fig. 5). 

It is worth noting that some protection was also observed 
against MenB strains other than the outbreak clone (i.e., non- 
Pi. 4) with effectiveness of 54%, (or 41% including the cor- 
rection for potential residual confounding). Since the wtOMV 
component is not serogroup (i.e., capsule polysaccharide) spe- 
cific, effectiveness was also calculated against non-MenB disease 
where effectiveness was found to be 56%, (or 43% corrected 
for residual confounding). 76 These observations are particularly 
interesting when considering the role of the New Zealand strain 
wtOMV in the new multi-component vaccine 4CMenB (see 
below) . 93 ~' ;7 The wtOMV component is generally expected to pro- 
tect against strains carrying the same PorA sero-subtype epitopes. 
However, functional immune responses are also raised against a 
number of other epitopes and antigenic components; like con- 
served parts on PorA, PorB, OpcA, Omp85, LPS and likely some 
other components. 32 ' 33 ' 45,48 ' 89,90 



Discussion 

Over the past 50 y, our understanding of the importance of MenB 
disease per se, the social impact of fear caused by the devastating 
effects of the disease, and the role of OMV vaccines in providing 
protection, has evolved substantially. We now know that wtOMV- 
based vaccines are most effective when used against epidemics due 
to a homologous or clonal strain carrying the same PorA as that 
present in the vaccine. When used against endemic disease or out- 
breaks due to a number of different strains, (heterologous epide- 
miologic situations), the level of effectiveness will generally be too 
low to rely on the effects of a conventional wtOMV vaccine alone 
for protection. Moreover, multiple doses of such a vaccine will be 
required for primary protection and a booster dose is required to 
ensure long-term protection, especially in those who receive their 
initial vaccine series as young infants. 

There were more than 6,000 cases and around 250 deaths 
caused by meningococcal disease in New Zealand between 1991 
and 2006, with approximately 80% of cases due to the epidemic 
clone targeted by the MeNZB vaccine. 53 '" However, following 
the concerted efforts of an extensive international and national 
collaboration, including the WHO, Chiron and NIPH; the 
MeNZB vaccine was developed to control this specific outbreak. 
A substantial national mobilization in New Zealand, involving 
complex logistics, monitoring and communication strategies was 
successfully implemented to meet the public health challenge 
posed by the meningococcal epidemic. The mass vaccination 
campaign that started in July 2004 and ended in June 2006, 
targeted the population below 20 y of age (approximately 1.2 
million persons) and resulted in a vaccine uptake of 81%. 76 For 
the period between July 2004 and December 2008 it has been 
estimated that 210 cases, six deaths and 15-30 cases of severe 
sequelae were avoided thanks to the MeNZB vaccine. 76 

The New Zealand epidemic was waning before and during the 
roll-out of MeNZB. However, the staggered introduction of the 
vaccine enabled year-by-year comparison of rates in vaccinated and 
unvaccinated populations that allowed the effectiveness of the vac- 
cine to be estimated (see Table 4; Figs. 4 and 5). Simultaneous 
modeling of invasive pneumococcal disease and the clonal outbreak 
strain of MenB disease suggests a degree of residual confound- 
ing that reduces the effectiveness estimate from 77% to 68%. 76 
Following the (cumulative) number of MenB cases in the area with 
the highest incidence in New Zealand (the northern region) from 
2002 to 2010 also demonstrate the vaccine impact from one year 
(2004) to the next (2005); see Figure 5. There was also found some 
evidence for (lesser) cross-protection against other MenB strains. 76 
This observation is consistent with the findings of Tappero et al. 
in Chile, were they found an age-dependent, but clearly functional 
immune response (hSBA) against non-vaccine type strains; reflect- 
ing that other than the immune-dominant antigenic epitopes of 
PorA also have an effect and play a role in protection. 48 

The extensive general experience with wtOMV vaccines, and 
in particular the extensive evaluation of MeNZB in more than 
one million individuals, provides vital information regarding the 
safety and acceptability of wtOMV vaccines for widespread use. 
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Table 4. Distribution of cases in New Zealand from 2001 to 2008 and estimations of cases prevented by MeNZB (all rates are per 100,000)* 



Year 


Actual 


Actual 


Predicted 


Predicted 


Cases 


Proportion 


Prevented 




Cases 


Rate 


Cases 


Rate 


Prevented 


Prevented 


Est. Total** 


2001 


285 


24.7 


285 


24.7 


0 


0% 


0 


2002 


211 


18.1 


211 


18.1 


0 


0% 


0 


2003 


187 


15.8 


187 


15.8 


0 


0% 


0 


2004 


144 


12.1 


146 


12.3 


2 


1.96 


2.6 


2005 


80 


6.7 


120 


10.1 


39.8 


33% 


47.9 


2006 


47 


3.9 


98 


8.2 


51.2 


52% 


61.1 


2007 


37 


3.1 


80 


6.7 


43.4 


54% 


50.8 


2008 


31 


2.6 


69 


5.7 


37.7 


55% 


45.5 



*Actual numbers of cases (age 0-19) and rates by year, along with predictions of numbers of cases with no vaccination program, and numbers and 
proportions of predicted cases that were prevented. 'Cases Prevented' is based on the number of confirmed cases seen. **'Est. Total Prevented' is the 
number including cases of unknown sero-subtype. 




Figure 5. Cumulative number of meningococcal disease cases in the Northern Region of New Zealand from 2002 to 2010 (right; note the significant 
drop between 2004 and 2005). The left part of the figure gives a representation of the epidemiological data from before the vaccination started (year 
incidence in 2002 for various regions). 



By the end of 2012 more than 60 million doses of the OMV 
vaccines have been administered worldwide. 81,92 Although these 
vaccines are moderately reactogenic, in New Zealand local and 
systemic reactions such as fever were common, but predictable 
and transient and did not interfere with widespread acceptance 
of vaccination. A very effective education program to inform 
parents and recipients regarding the nature of these events likely 
contributed to the high levels of public acceptance of this vaccine. 



The NZ 98/254 wtOMV (used in MeNZB 8 ) is one of four key 
immunogenic components of the 4CMenB (Novartis Vaccines 
and Diagnostics), a multi-component MenB vaccine designed to 
provide broad protection against most circulating MenB strains. 
The 4CMenB vaccine has recently been granted Marketing 
Authorization by the European Medicines Agency under the 
trade name Bexsero® (www.ema.europa.eu/docs/en_GB/docu- 
ment_library/Summary_of_opinion_-_Initial_authorisation/ 
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human/002333/WC500134836.pdf).' 3 " 96 Of note, in this new 
vaccine formulation the NZ OMV component is combined with 
three key recombinant protein components: factor H-binding 
protein (fHbp), Neisserial adhesin A, (NadA) and Neisserial hep- 
arin-binding antigen (NHBA). 95,97 " 99 Review of the New Zealand 
experience is particularly important because extensive safety and 
effectiveness evaluations were undertaken in more than one mil- 
lion vaccine recipients, and also because this type of vaccine for- 
mulations is likely to be used in additional populations. Therefore, 
the medical community might benefit from consolidated infor- 
mation without very much additional information about the other 
wtOMV vaccines, as presented in previous reviews. Since fHbp 
is also being investigated in a bivalent MenB vaccine (fHbp mol- 
ecules from two different families or main variant groups), 100 " 102 
the current body of information is intended as important back- 
ground information for the development of this and similar; more 
"universal" MenB vaccines. 20 ' 30,31 

Unlike MeNZB, which was designed to provide protection 
against a clonal outbreak, 4CMenB has been formulated to provide 
broad-based protection and to be used for routine immunization in 
various regions of the world. The three recombinant protein com- 
ponents, active in this vaccine, were identified through a process 
called reverse vaccinology, which starts with the bacterial genome. 
The multi-component vaccine approach was considered necessary 
because of the labile nature of the meningococcal genome, differ- 
ences in protein sequences and surface expression among various 
MenB strains for the proteins selected as vaccine antigens. The 
intrinsic ability of the meningococcus to change both through 
recombination and variability in the degree of surface expression of 
proteins creates a situation in which any single component vaccine, 
even if effective initially, would likely become ineffective over time 
as meningococcus could adapt and become resistant to that par- 
ticular vaccine. A multi-component strategy severely reduces the 
ability of the organism to circumvent all antibodies elicited by the 
vaccine. Based on these observations and insights the novel multi- 
component vaccine 4CMenB contains four major active ingredi- 
ents, including the same wtOMV as used in MeNZB. 

Apart from the implications of the MeNZB experience for 
newer OMV containing vaccines such as 4CMenB, the New 
Zealand program also provides a number of other important 
broadly applicable public health lessons. Key factors that con- 
tributed to the success of the program were the willingness of 
New Zealand and international parties to make a committed 
and collaborative support towards the goal of epidemic control. 
Lengthy negotiations and discussions built trust and understand- 
ing between parties. Those leading the project from the New 
Zealand government and Chiron Vaccines were given enough 
autonomy to enable timely progress. The time from when the 
epidemic started until final identification of a candidate vaccine 
and subsequent manufacture was lengthy (13 y; 1991 to 2004) 
and some critics have indicated the need to act more expediently 
during similar situations in the future. 103 However, from July 
2001, when Chiron/NIPH was initially contracted to deliver the 
vaccine; the overall process of vaccine development, completion 
of clinical trials and vaccine licensure, through to implementa- 
tion of the vaccine program was much faster than usual (3 y vs. 



10-15 y). See Figure 3 for a schematic presentation of the vaccine 
development and immunization program. 

One key lesson from the New Zealand experience is that all 
countries should be prepared, with regulatory mechanisms in 
place, to anticipate the possible rapid evaluation and introduction 
of a new vaccine. The recent H1N1 influenza pandemic is a case in 
point for all countries, but this lesson might be especially relevant 
for developing countries where new vaccines for malaria, typhoid 
and other diseases for which no prior experience in Europe or the 
US exists, will become available. Such situations will also require 
local oversight and evaluation, active surveillance, adequate epide- 
miology and sufficient strain characterization. In Cuba, Norway 
and New Zealand 32 the basis for using the concept of wtOMV vac- 
cines was the selection of a manufacturing strain that matched the 
clone causing the epidemic. In each case, a measured approach to 
vaccine evaluation and introduction was undertaken. In consider- 
ing approaches to any public health emergency, there will always be 
a tension between the need to introduce a new intervention quickly 
and the need to ensure that the intervention is safe and effective. 
The extent and success of the post-introduction evaluation in New 
Zealand could provide the impetus to develop protocols for earlier 
introduction of interventions for public health emergencies, which 
are associated with contemporaneous evaluation, thus reducing the 
need for extensive, time consuming pre-introduction evaluations. 
This will most likely happen when much is already known about 
the vaccine or other interventions. 

Conclusion 

Meningococcal wtOMV vaccines have been employed for decades 
(since the 1980s) and administered to more than 30 million indi- 
viduals. These vaccines have been effective and associated with a 
well-characterized and acceptable safety profile. The major limi- 
tation of these wtOMV vaccines is that their immune response 
provides protection mainly against strains that are homologous 
(i.e., harboring the same PorA, sero-subtype protein) to the out- 
break strain used to develop the vaccine. 32,48 This shortcoming has 
restricted the utility of wtOMV vaccines to large ongoing epidem- 
ics, and public health benefits have been limited due to the long 
delay in formulation. To address these concerns and make man- 
agement of MenB disease a programmatic possibility rather than 
an episodic event, a multi-component vaccine (4CMenB), which 
includes the wtOMV used in MeNZB, has recently been designed 
for widespread use and coverage against multiple strains and diverse 
epidemiological situations globally. 93 " 97 Thus, even novel technolo- 
gies in this field draw on previous experience with wtOMV vac- 
cines. Additional knowledge and experience for use of the wtOMV 
concept can also be gleaned from the handling of a localized clonal 
outbreak in Normandy, France, where MenBvac was used against 
a slightly different strain. 34,104,105 Furthermore, from pre-clinical 
and clinical studies using so-called native OMV vaccines; where 
the LPS has been genetically de-toxified {Ipxl -mutants), avoiding 
the need for detergent extraction and with overexpressed vaccine 
antigens naturally folded in the membrane. 106 " 112 These various 
promising vaccine approaches owe much to the pioneering expe- 
riences gained by using wtOMV vaccines and in particular such 
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large-scale public health interventions as the one that took place in 
New Zealand with the MeNZB vaccine. 
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